An estimation of crash risks using a log-linear model and the induced exposure technique by Haque, Md. Mazharul et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Haque, Md. Mazharul, Washington, Simon, & Haworth, Narelle L. (2011)
An estimation of crash risks using a log-linear model and the induced ex-
posure technique. In 10th National Conference on Injury Prevention and
Safety Promotion, 2-4 November 2011, Brisbane Convention & Exbihition
Centre, Brisbane, QLD. (Unpublished)
This file was downloaded from: http://eprints.qut.edu.au/50436/
c© Copyright 2011 The Authors
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
An Estimation of Crash Risks Using a 
Log-linear Model and the Induced 
Exposure Technique 
Dr. Md. Mazharul Haque, Prof. Simon Washington & Prof. Narelle Haworth 
10th National Conference on Injury Prevention & Safety Promotion, Brisbane, 2 – 4 November, 2011 
RATIONALE 
Common Crash Analysis methods 
Descriptive Statistics 
Regression Modelling 
Exposure Controlled study 
Case-control study 
e.g., crashes per veh-km travel 
e.g., comparing crash-involved 
drivers with those who were not 
involved in crashes 
OBJECTIVE: To identify on-road situations with elevated crash risks when 
exposure data are not available (traffic police crash data). 
METHODOLOGY 
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METHODOLOGY 
Relative Risk Index (RRI) 
 RRI is the ratio of odds ratios of expected frequencies from a log-linear 
model and exposure estimates from the quasi-induced exposure 
technique under a set of certain characteristics 
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where  θijk is the odds ratio of expected frequencies from a log-linear model 
under a given set of roadway, traffic, and environmental factors 
 θ'ijk is the odds ratio of exposure estimates in the same 
combination of roadway, traffic, and environmental factors 
Hence, RRI is an estimate of crash risks of a road user group after 
controlling exposure 
DATASET FOR ILLUSTRATION 
Crashes at intersections were extracted from 
Queensland crash data from January 2004 to 
June 2009 
Motorcycle crashes represented 
about 8% of 50,614 intersection 
crashes 
 There were a total 2,829 multi-
vehicle motorcycle crashes at 
intersections 
Log-linear Modelling 
Variables Categories 
Speed Limit 1. < 60 Km/h 
2. 60 km/h* 
3. >60 km/h 
Intersection 
Type 
1. Three-legged 
2. Four-legged* 
3. Roundabouts 
Lighting 
Condition 
1. Daylight* 
2. Dark, Dusk or Dawn 
Day of the 
Week 
1. Weekdays* 
2. Weekends 
DATASET FOR ILLUSTRATION 
Crashes involving two motor-vehicles were extracted from the 
database which represented about 70% of total intersection crashes. 
 
Crashes where a driver/rider received a citation for alcohol or drug 
were removed from the dataset. 
 
 In total, there were 33,954 crashes involving two-vehicles at 
intersections. 
Data Preparation for Induced Exposure Technique 
RESULTS 
Parameters Estimate S. E. p-val. Odds Estimates Relative 
Risk Index Prevalence Exposure 
Intercept 6.003 0.043 <.0001 
Speed Limit*Intersection Type 
< 60 km/h*3-legged 0.011 0.113 0.925 1.011 1.318 0.767 
< 60 km/h*Roundabout 0.183 0.151 0.227 1.201 1.596 0.752 
> 60 km/h*3-legged 0.254 0.120 0.035 1.290 1.119 1.152 
> 60 km/h*Roundabout -0.258 0.191 0.177 0.773 1.497 0.516 
Speed Limit*Light Condition 
< 60 km/h*Dark -0.363 0.126 0.004 0.695 0.857 0.811 
> 60 km/h*Dark -0.059 0.126 0.643 0.943 1.073 0.879 
Speed Limit*Day of the Week 
< 60 km/h*Weekend 0.081 0.121 0.504 1.084 0.992 1.092 
> 60 km/h*Weekend 0.392 0.122 0.001 1.480 1.226 1.207 
Light Condition*Day of the Week 
Dark*Weekend 0.512 0.098 <.0001 1.669 0.623 2.678 
Pearson Chi-sq 26.317 
Degrees of freedoms 20 
p-value 0.156 
Base condition: A multi-vehicle motorcycle crash that occurred during daytime of a 
weekday at 4-legged intersections with approaches having a speed limit of 60 km/h. 
RESULTS 
Speed Limit * Intersection Type (χ2 = 13.8, p = 0.008) 
 The relative risk (RRI = 1.15) of motorcycle crashes is about 15% higher at 
three-legged intersections with approaches having high speed limits 
(>60 km/h) 
Speed Limit * Lighting Condition (χ2 = 8.7, p = 0.013) 
 The relative risk (RRI = 0.81) of motorcycle crashes during night, dusk 
and dawn time is about 19% lower on roads with a lower speed limit 
(<60 km/h) 
Speed Limit * Day of the Week (χ2 = 10.0, p = 0.007) 
 The relative risk (RRI = 1.21) of motorcycle crashes on roads with high 
speed limits (>60 km/h)is about 21% higher during weekends. 
CONCLUSION 
The combination of log-linear models and the 
quasi-induced exposure technique is a promising 
methodology in the absence of exposure data. 
 
The proposed method is helpful to study the 
interactive effects to better understand safety of 
various road users. 
 
A comparison between the proposed methodology 
and case-control study would be useful. 
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